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TOXICITY OF SEVERAL NEW ORGANIC
INSECTICIDES TO BODY LICE

(PEDICULUS HUMANUS CORPORIS DE G.)*

By FrankLIN S. Bnanton, Lit. CoL.
MebpicAL SErVICE Corps, U. S. ARMY

PaArt II—DUST TESTS

Methods used for testing various chemicals mixed with powder
carriers :—All promising lousicides located in the beaker tests
were tested in powder formulations. The technique was to dis-
solve the chemical in acetone and then impregnate this solution
on the test powder diluent. One gram of powder was then
spread on cloth patches approximately 4% inches square. These
patches were cut from winter-weight cotton underwear cloth.
The treated patches were placed on paper-covered plywood
boards and 25 young adult lice were confined on each patch be-
neath an inverted petri dish. Mortality counts were made after
24 hours. The lice were kept in direct contact with the treated
cloth except for one series of tests in which they were exposed
for only 30 minutes and then removed to clean cloths.

Effect of various dusts or diluents on adult body lice :—A series
of preliminary tests were conducted to determine the effect of
fifteen diluents on adult body lice.

Preliminary work had been done on this phase of testing and
very erratic results were sometimes had, when insecticides were
used with various diluents.

It was found that there was considerable day to day variation.
The results of four tests on different days are given in Table 3.
Of the fifteen diluents tested alone, eight showed definite toxicity
to lice. Five of the diluents caused an average of over 90 per-
cent mortality, and one, an average of 60 percent. Cohutta tale
gave an average of 18 percent mortality, pyrophyllite 22 per-
cent and the remainder were nontoxic. In subsequent tests pyro-
phyllite gave even greater kills of lice. Pyrophyllite, which was

1For first paper of this series, see Jour. N. Y. Ent. Soe. 61: 169-180.
1953.
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toxic, Gypsum, Dilroc, Frianite and Walnut Shell Flour, which
were non-toxic were chosen for further comparative tests.
Effect of dust combinations with and without chemicals on
adult body lice :—Since the preliminary tests showed large differ-
ences in toxicity additional tests were made with some that
showed little or no toxicity and with some that showed rather
high toxicity. Five of these diluents were selected for testing
alone, in combinations containing equal parts of two diluents,

TABLE 3. PERCENT OF LOUSE MORTALITY AFTER 24-HOUR EXPOSURES TO
VARIOUS DILUENTS CONTAINING NO INSECTICIDE. KOUR
REPLICATIONS OF 25 LICE EAcH

Dates of Treatment

Diluent Average
Jan.5 Jan.11 Jan.12 Jan.13

Activated charcoal ... 100 100 100 100 100
‘Wood charcoal . 100 100 96 100 99
Fossilite .o 100 100 96 100 99
Fuller’s Earth 100 100 100 92 98
Seceo Clay1 96 100 lice 80 92
escaped
Phospho Dust 100 44 0 96 60
Chutta Tale . 12 32 16 12 18
Pyrophyllite . 20 60 0 8 22
Dilroe .. ... 0 16 0 0 4
Frianite M3X 0 8 4 0 3
Controlz .. 0 2 4 0 2
Gypsum ... 0 0 4 0 1
Walnut Shell Flour 0 0 0 4 1
Cocoa Shell . 4 0 0 0 1
Bentonite . 0 0 0 4 1
Frianite ... 0 0 0 0 0

1 Only three tests of 25 lice each.
2 Eight tests of 25 lice each.

and these diluents with various concentrations of DDT, chlor-
dane and toxaphene. The purpose of these tests was to deter-
mine the most suitable range of concentrations for evaluating
them in various diluent combinations.

The results of these very preliminary tests are not tabulated.
There was considerable variation in individual tests, but in gen-
eral, chlordane appeared slightly more toxic than DDT or toxa-
phene. The latter two were about equal in toxicity.

From these tests it was possible to set up a series of tests
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using five diluents both alone and in combination with each other,
and with various concentrations of three toxicants, DDT, toxa-
phene and chlordane.

The results in Table 4 (Series A), show that Pyrophyllite
TABLE 4. AVERAGE PERCENT OF LOUSE MORTALITY AFTER 24-HOUr EX-

POSURES TO VARIOUS DILUENTS, WITH AND WITHOUT DDT.
THREE REPLICATIONS OF 25 LicE EAcH

Dt Concentration in parts per
Diluent without 5000 2500 250 100
toxicant million of DDT in dust

Series A
Pyrophyllite 96 100 100 100 100
Pyrophyllite + Frianite ... 93 100 100 95 96
Pyrophyllite + Walnut Shell Flour ... 5 100 100 21 3
Gypsum : 1 100 100 81 12
Gypsum + Frianite ... 7 100 100 73 12
Gypsum + Walnut Shell Flour .. 7 100 99 4 1
Dilroe 8 100 100 76 41
Dilroc + Frianite 7 100 100 83 49
Dilroc + Walnut Shell Flour 1 100 96 5 1
Frianite 8 100 100 65 63
Walnut Shell Flour .. 5 93 53 9 3

Control of (6 of 25 lie ) 3

Series B (Toxaphene)

Pyrophyllite .. 100 100 100 100 100
Pyrophyllite + Frianite .. 91 100 100 100 96
Pyrophyllite + Walnut Shell Flour ... 15 100 100 12 11
Gypsum : 7 100 100 93 25
Gypsum + Frianite ... 8 100 100 88 23
Gypsum + Walnut Shell Flour 7 100 100 12 13
Dilroe o 21 100 100 96 63
Dilroc + Frianite 17 100 100 93 25
Dilroe + Walnut Shell Flour ... 9 100 100 3 3
Frianite 11 100 99 99 55
Walnut Shell Flour .. 3 100 95 13 9

Control (6 of 25 lice each) 5
Series C (Chlordane)

Pyrophyllite 99 100 100 100 100
Pyrophyllite + Frianite . 73 100 100 100 92
Pyrophyllite + Walnut Shell Flour ... 8 79 63 8 3
Gypsum 4 100 97 80 41
Gypsum + Frianite .. 1 100 100 83 43
Gypsum + Walnut Shell Flour - 0 79 27 1 3
Dilroc 8 100 100 100 75
Dilroc + Frianite 3 100 100 77 27
Dilroc + Walnut Shell Flour 4 68 39 15 3
Frianite ® o e e D oam
Walnut Shell Flour ... 4 25 5 16 7
Control (6 of 25 lice each) 3
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alone was very toxic to lice, giving an average of 96 percent kill.
In combination with DDT it killed 100 percent of the lice at all
concentrations. Pyrophyllite and Frianite mixed in equal
amounts were also toxie giving an average kill of 93 percent.
DDT, when mixed with the Pyrophyllite-Frianite combination
was less toxic than when mixed with Pyrophyllite alone. The
Pyrophyllite Walnut shell flour mixture was almost non-toxic,
giving an average kill of 5 percent. When mixed with DDT it
was highly toxie only at concentrations of 5000 and 2500 parts
per million. At 250 and 100 parts per million the average kill
was 21 and 3 percent respectively.

Gypsum, Dilroec and walnut shell flour, when used alone were
non-toxic, and Frianite was only slightly toxic. All diluent
combinations with DDT gave 100 percent kill at a concentration
of 5000 and 2500 parts per million, except when walnut shell
flour was used. At concentrations of 250 and 100 parts per
million pyrophyllite was the only dust that gave 100 percent kill.
At these concentrations the pyrophyllite-Frianite DDT combina-
tions gave 95 and 96 percent mortality. Although high Kkills
were obtained in some of the treatments, pyrophyllite was shown
to be the most practical dust to use with DDT.

The results in Table 4 (Series B) again show that pyrophyllite
was very toxie to lice even when used alone. Complete kill was
had in all tests where pyrophyllite was used alone. With the
combination of pyrophyllite and Frianite there was an average
kill of 91 percent. None of the combinations of dust were out-
standingly toxiec.

Toxaphene, when mixed with dusts gave 100 percent kill in all
combinations at a concentration of 5000 parts per million. At
2500 parts per million, Frianite gave an average kill of 99 per-
cent and walnut shell flour 95 percent. At a concentration of
250 parts per million of toxaphene and various dusts the kill
was complete with only pyrophyllite and the pyrophyllite-Fri-
anite mixture. The average for all others was almost 90 per-
cent, except for walnut shell flour which failed to show much
mortality. At 100 parts per million complete kill was had with
pyrophyllite and 96 percent kill with the pyrophyllite-Frianite-
Toxaphene mixture. All others gave poor results.
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The results in Table 4 (Series C) show that pyrophyllite was
again very toxic to lice when used alone or in combination with
chlordane. It was quite toxic when used in combination with
Frianite without chlordane and very toxic when used with chlor-
dane. Chlordane when mixed with pyrophyllite gave 100 per-
cent kill at all dilutions. With pyrophyllite and Frianite it
gave 100 percent kill at 500, 250, and 100 parts per million. It
gave 92 pereent kill at 50 parts per million. When mixed with
walnut shell flour and pyrophyllite, chlordane gave only 79 per-
cent kill at 500 parts per million. At 500 parts per million,
chlordane gave 100 percent kill with all dust combinations except
when walnut shell flour was used. At 250 parts per million
complete kill was had with ehlordane and all dust combinations
except with gypsum which averaged 97 percent kill and with
walnut shell which failed. At 100 parts per million complete
kills were had with pyrophyllite, pyrophyllite and Frianite and
Dilroe. Unfortunately, there was not enough Frianite of this
particular sample to test it in combination with chlordane alone.

In summary, the results with DDT, toxaphene and chlordane,
Table 4 (Series A, B, and C) show that pyrophyllite alone caused
96 to 100 percent mortality of lice, and the combination of pyro-
phyllite and Frianite was also very toxic. Consequently, where
these diluents were used no distinction could be made between
either the toxicants or the different concentration of each toxi-
cant, as nearly complete to complete kills occurred in all cases.

Gypsum and Dilroe, alone and in combination with Frianite,
showed little toxicity to lice, and in most instances, uniform re-
sults were obtained for the same concentration of each toxicant,
thus permitting some conclusions as to their relative toxieity.
This was also true for Frianite alone, which was relatively non-
toxic to lice. Results showed that Chlordane was considerably
more toxic to lice than DDT and slightly more toxic than toxa-
phene, at low concentrations of 50, 100, and 250 parts per million.

The presence of walnut-shell flour in the various diluent com-
binations caused a marked diminution in the effectiveness of each
toxicant, except in the highest test concentration. Walnut shell
flour also neutralized the toxicity of pyrophyllite.
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Effect of freshly mixed chemical contrasted with mixtures
aged for approximately one year in sealed brown bottles: A series
of sixteen chemicals mixed in gypsum at concentrations of 5000,
500, and 50 parts per million were tested against lice to deter-
mine the effect of storage in brown glass bottles. Comparative
tests were made with two series of dusts, one of which had been
TABLE 5. AVERAGE PERCENT OF LOUSE MORTALITY AFTER 24-HOUR EX-

POSURES ON CLOTH DUSTED WITH OLD AND NEW LOUSE PowbDERS FoOR-
MULATED IN GYPSUM.1 THREE REPLICATIONS OF 25 LicE EAcH.

Parts per million toxicant in
indieated dusts

Cooasest 5000 500 50
Old New . Old New Old New

Ether, bis (chlorophenyl) ... 100 100 .
Phenol, 2-sec-butyl-4,6-dinitro ....... 100 100 2 36
DDT 99 95 88 84 49 29
Pyrethrine with piperonyl butoxide 100 100 100 100 7 12
Ethane, 1,1,1-trichloro-2-(0-chloro-

phenyl)-2-(p-chlorophenyl)- ... 17 28 9 13 9 7
Ethane, 1,1,1-trichloro-2-2-bis(p-

fluorophenyl)- . 100 99 68 19 12 12
Biphenyl, 4-ethoxy 92 80 8 8 7 4
Biphenyl, chloro derivative (Aro-

clor 1232) 48 64 13 12 17 11
Biphenyl, chloro derivative (Aro-

clor 1248) 16 19 9 5 7 1
Sulfone, chloromethyl p-chloro-

phenyl 92 97 63 17 38 24
Toxaphene 100 99 99 18 16 12
Chlordane 100 100 84 75 7 32
Lindane 100 100 100 100 77 78
Parathion 100 100 100 100 59 84
Heptachlor 100 100 100 99 25 81
Benzenethiol 100 100 47 79 4 8

1Tn nine tests of Gypsum alone there was 4 percent mortality whereas in
eighteen tests with untreated cloth there was 2 percent mortality.
stored for approximately one year and the other for only two or
three months. The tests were replicated on three different days.

The results of these tests are given in Table 5. At a concen-
tration of 5000 parts per million there were no outstanding dif-
ferences between the old and new mixtures. At 500 p.p.m.,
however, the year-old dusts of compounds 1,1,1-trichloro-2,2-bis-
(p-fluorophenyl) ethane, chloromethyl, p-chlorophenyl sulfone,
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and toxaphene were markedly more effective than similar dusts
that were only two or three months old. The reasons for these
differences are not definitely known, but they may have been due
to variations in the dust mixtures or in the test insects. The
fresh mixtures of thiolbenzene and 2-sec-butyl-4,6-dinitrophenol
were more effective than the older ones. With the latter, how-
ever, the old mixture, even when freshly prepared showed a low
toxicity against lice. Other workers at the Orlando laboratory
confirmed this observation with flea tests and the difference is,
therefore not attributable to aging.

TABLE 6. AVERAGE PERCENT OF LOUSE MORTALITY AFTER 24-HoUr EX-

POSURES TO VARIOUS CHEMICALS IMPREGNATED ON (GGYPSUM.
THREE REPLICATIONS OF 25 LICE EACH.

Concentration in parts
per million

Chemical

500 50 5
Lindane 100 100 12
Heptachlor 100 97 0.7
Aldrin 100 88 0
Dieldrin 100 71 1
Parathion 100 57 1
Chlordane 100 27 0.8
Benzene hexachloride (12% gamma) ... 100 47 1
DDT 97 13 1
Toxaphene 95 1 0
Pinene, chlorinated, 68.5% Cl. ... 92 0 0
Pinene, chlorinated, 68.8% Cl. ...... 88 3 0
Isobornyl sulfone, chlorinated, 63.3% Cl. . 87 0 0
Sulfone, isobornyl phenyl ehlorinated, 66.1% 73 8 1

Controls—Three lots of 25 lice each on gypsum—no mortality.
Six lots of 25 lice each on cloth—1 percent mortality.

Minimum concentration of impregnated dusts:—A series of
tests were made using three concentrations of fifteen chemicals
impregnated on gypsum. A total of 25 lice was used in each
test and each test was replicated three or more times.

The results, in Table 6, show that at concentrations of 500
parts per million, DDT gave an average kill of 97 percent. This
is about equal to toxaphene with an average of 95 percent and
to chlorinated pinene (68.5% Cl.) with an average of 92 percent.
DDT at this concentration was superior to chlorinated isobornyl
sulfone (63.3% Cl.) with an average kill of 87 per cent; chlorin-



224 NEW YOrRK ENTOMOLOGICAL SOCIETY [Vor. LXI

ated isobornyl phenyl sulfone (66.1% Cl.) with 73 percent, and
to chlorinated pinene (68.8% Cl.) with 88 percent. DDT was,
however, inferior to lindane, technical benzene hexachloride
(12% gamma), chlordane, parathion, heptachlor, aldrin, and
dieldrin, each of which gave 100 percent mortality at 500 parts
per million. At a concentration of 50 parts per million, DDT
gave an average kill of 13 percent which was better than some.
Lindane was the only chemical that gave 100 percent kill at 50

TABLE 7. AVERAGE PERCENT OF LOUSE MORTALITY AFTER 24-Hour EX-
POSURES TO VARIOUS CONCENTRATIONS OF CHEMICALS IMPREGNATED ON
GYPSUM SPREAD ON CLOTH PATCHES. THREE OR MORE
REPLICATIONS OF 25 LICE EACH.

Concentration in parts
per million

Chemical

500 250 125 50 25 125
Heptachlor 100 100 100 100 97 38
Dieldrin 100 100 100 100 93 32
Lindane 100 100 100 100 91 23
Parathion 100 100 100 97 83 11
Aldrin 100 100 100 95 87 41
Chlordan 100 100 100 70 11 0.7
Technical Benzene hexachloride (10—

12 percent gamma) ..o 100 100 93 63 15 3
Toxaphene 95 12 9 5 1 0
Pinene, chlorinated, 68.8% CL. . 40 0 0 1 0 0
Pinene, chlormated 68.5% Cl. . 35 4 1 0 1 1

Isobornyl sulfone, chlorlnated 70. 5%

ClL 33 7 0 0 0 0
Sulfone, isobornyl phenyl, chlorinated,

66.19% Cl. 27 3 0 1 1 0
DDT 12 3 0 0 1 1

In six lots of 25 liee each there was on cloth alone 0.6 percent dead.
In six lots of 25 lice each on cloth treated with gypsum dust there was 1.3
percent dead.

parts per million, although heptachlor did give an average kill
of 97 percent at that dilution. The next concentration, 5 parts
per million, gave little or no mortality for any of the chemicals.

Another series of tests, Table 7, was made which employed
thirteen of the better chemicals. Six concentrations of each
chemical were used and the tests were replicated three to six
times. In these tests all chemicals were superior to DDT. Some
were only slightly better but some were extremely toxic. At
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500 parts per million DDT averaged only twelve percent kill.
This is quite a contrast to the average of 97 percent kill for DDT
at the same dilution for the treatment made in previous tests.
‘With such variation it is very important to make all compara-
tive tests at the same time. At a concentration of 125 parts per
million, six chemicals gave 100 percent kill. The next concen-
tration, 50 parts per million, eliminated three other chemicals
from the outstanding group. At 25 parts per million there were
only three chemicals that gave kills above 90 percent and at 12.5
parts per million, all chemicals showed little toxicity.

PaArT III—FUMIGATION TESTS

Methods used for testing fumigation qualities :—Several meth-
ods were devised and tested in an effort to find a reliable tech-
nique for testing chemicals as fumigants against adult lice.
Chlordane and dieldrin were used in comparing the different
techniques. In the first tests a small vial containing the lice was
suspended in a larger vial containing a small woolen pad that
had been impregnated with a 10,000 p.p.m. (1 percent) acetone
solution of the test chemical. The small vial was closed with
sereen wire or a cotton plug and the larger vial was tightly
stoppered. Suspending the lice in small cloth sacks was also
tried. Since the vapors might be lighter or heavier than air,
tests were run with the larger vials in upright, inverted, and
horizontal positions. Other tests were made in which the treated
cloth patches were placed in the bottom or top of a pint jar and
lice exposed in small open petri dishes placed on the bottom.

Results of fumigation tests :—It was found that the jar method
was superior to the other test methods. It was also found that
there was little or no difference in louse mortality if the chemical
were placed above or below the lice. It was assumed that the
jars were too shallow to demonstrate whether the fumigant was
heavier or lighter than air. In final tests the fumigant was
placed only in the bottom of the jars. With chlordane and diel-
drin complete kill was had in all tests. The other three methods
tried, vial in vial, vial in vial-screen caps, and cloth envelopes
gave kills ranging from 2 to 35 percent.

Additional preliminary tests of the jar method were made
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with five compounds known to have some vapor toxicity. Four
or five tests of 20 lice each with each chemical showed the fol-
lowing mortality :

CHEMICAL PERCENTAGE KILL
Technical benzene hexaehloride 100
Chlordane 90
Heptachlor 100
Aldrin 99
Dieldrin 67
Control 1

These results indicated that the jar method was an effective
qualitative means for measuring the vapor toxicity of compounds.
Dieldrin was the least effective of the materials.

The jar method was then used to test 107 of the better contact
insecticides to determine their effectiveness as fumigants. These
tests were run in pairs, with an impregnated patch in the top of
one jar and in the bottom of the other. Only nine of the com-
pounds showed fumigant properties, the data for which are pre-
sented in the following table. Seven of the nine materials, Table
8, gave 100 percent kill of lice at the dosage tested. The other
two, 1, 2, 3, 4-tetra-hydro-quinaldine and dieldrin failed to give
complete kills.

TABLE 8. Percent louse mortality after 24-hour exposures in fumigant
chambers. Ten lice in each test.

No. Position of fumigant in jar
Chemieal of
Tests Bottom - Top

Ethyl dithiopyrophos-

phate, tetra- 4 100 100
Aldrin 6 100 100
Heptachlor 6 100 100
Chlordane 8 100 100
Lindane 4 100 100
Technical benzene

hexachloride (10-129,

gamma isomer) 4 100 100
Acetic acid thiocyano-

chloroisobornyl ester 1 100 100
Quinaldine, 1,2,3,4-tetra hydro 3 77 96
Dieldrin 3 53 70
Control, acetone treated patch 8 1 1

Untreated patch 8 1 0




DEc. 1953] BraNTON: TOXICITY 227

Although tests were preliminary, it was clearly demonstrated
that these nine chemicals did possess fumigant qualities.

Further tests were made with concentrations of 100, 50, 25,
and 12.5 parts per million. The results, Table 9, show that tetra
ethyl dithiopyrophosphate, gave respective kills of 100 and 93

TABLE 9. Average percent louse mortality after 24-hour exposures in
fumigation chambers. Three or more replications of 10 lice each.

Concentrations in parts per million

Chemieal
100 50 25 12.5
Ethyl dithiopyrophosphate, tetra 100 93 7 3
Aldrin 83 30 0 0
Heptachlor 80 30 0 3
Chlordane 50 5 0 0
Lindane 27 0 0 0
Dieldrin 17 0 0 0
Acetic acid thioeyano-
chloroishbornyl ester 3 0 0 0
Technical benzene hexachloride
(10-12% gamma isomer) 3 0 0 0
Quinaldine, 1,2,3,4-tetra hydro- 0 0 0 0

Control Acetone treated patch.
No deaths in 6 lots
of 10 lice each.

Untreated patch.
One death in 6 lots
of 10 lice each.

percent at concentrations of 100 and 50 p.p.m. At 100 p.p.m.
tetra ethyl dithiopyrophosphate, aldrin, heptachlor, chlordane,
lindane, dieldrin, acetic acid thiocyano-chloroisobornyl ester,
technical benzene hexachloride, and quinaldane 1,2,3 4-tetrahy-
dro all demonstrated fumigant qualities.

DISCUSSION AND CONCLUSIONS

It should be noted that the discussion and conclusions made
at this time are based upon this paper and the two preceding
papers on the same subject.

This work was designed to explore the field of new organic
insecticides and to test the toxicity of these materials to body
lice. Whether any of these materials will ever be used as lousi-
cides depends on the need for new lousicides and their toxicity
to men. If lice, like flies, mosquitoes and other insects, have
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resistant strains or the ability to produce resistant strains to
DDT and other insecticides, the present work will have been
justified. It is common knowledge that for houseflies and some
other insects continuous treatments with DDT will give rise to
resistant strains that cannot be killed at normal exposures with
DDT. The introduction of another unrelated insecticide has
been resorted to in order to control these resistant pests.

Although a few chemicals were found to possess fumigant
qualities this was believed to be only a minor factor and at weaker
dilutions contributed little if any to louse mortality.

The data show that chemicals impregnated on cloth in acetone
solution (beaker tests) are more toxic to lice than when impreg-
nated on a dust. For example, at a concentration of 12.5 parts
per million in the beaker tests, aldrin, heptachlor, dieldrin, para-
thion, lindane, and chlordane gave 86 to 100 percent Kkills, but
when the same chemicals were impregnated on dusts at 12.5
p-p.m. aldrin gave 41, heptachlor 38, dieldrin 32, parathion 11,
lindane 23, and chlordane 0.7 percent kill. Some or all of this
may be caused by the unavailability of the chemical since some
of it is absorbed by the dust particle. In short, it requires a
higher concentration of chemical in dust form than when im-
pregnated on cloth to give equal louse mortality.

The beaker method proved to be a rapid and reliable method
for evaluating new insecticides against body lice, but as pointed
out by Eddy et al (1947a) materials found to be effective in the
beaker method would need practical tests to prove which were
good lousicides. When tested in powder form, many of these
effective materials proved ineffective. By the same test, how-
ever, DDT remained effective for months.

SUMMARY

Body lice, Pediculus humanus corporis DeG., which are im-
portant as vectors of epidemic typhus, trench fever and relapsing
fever have been investigated intensively since 1943. Numerous
papers on control methods and a few on biology have appeared
since Grinnell and Hawes (1943) published their bibliography
on lice and man.
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Data are presented on the relative toxicity of 106 compounds
which were selected as the most toxic of over 10,000 subjected to
sereening test.

In the beaker tests the 106 which had been found to be 100
percent effective on adult lice for 31 days or more at 10,000 parts
per million were further diluted and better chemicals were again
tested at still lower concentrations. Only 13 chemicals were
found to be worthy of further study.

By dilution methods, DDT was shown to be inferior to the
other twelve promising chemicals at a concentration of 100
p.p-m. and at 50 p.p.m. DDT was inferior to eight chemicals.
Three chemicals, heptachlor, aldrin, and dieldrin were out-
standingly better than DD'T, all giving 100 percent kill at con-
centrations of 6.25 p.p.m. Aldrin gave 100 percent kill at
concentrations of 3.125 p.p.m.

For comparison of these three chemicals with DDT the aver-
age percent mortality of lice are extracted from Table 2.

Concentration, parts per million

Chemical
100 50 25 12.5 6.25 3.125
Aldrin 100 100 100 100 100 100
Heptachlor 100 100 100 100 100 90
Dieldrin 100 100 100 100 100 85
DDT 88 63 15 3 5 0

Durability tests were made with all chemicals at concentra-
tions of 10,000 parts per million. Durability tests with thirteen
of the more promising materials were made at concentrations of
50, 25,12.5, 6.25 and 3.125 p.p.m. At concentrations of 50 p.p.m.,
DDT gave a 50 percent kill for one day and none thereafter. The
remaining twelve at this concentration were still effective after
one day of aging. The most durable chemicals, parathion, and
dieldrin, gave 100 percent mortality through the eighth and
fifth day respectively at a concentration of 12.5 p.p.m.

In comparative tests, both pyrophyllite alone and the combina-
tion of pyrophyllite and Frianite were very toxic. Gypsum
and Dilroc alone and in combination with Frianite showed little
toxicity to lice. At low concentrations of toxicants, walnut shell
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flour combined with the diluents that were toxic to lice caused
a marked decrease in effectiveness of each toxicant.

In storage tests with sixteen chemicals impregnated on gyp-
sum, heptachlor deteriorated but the others did not.

In dust tests, with gypsum, at concentrations of 500 parts per
million, there were twelve chemicals of thirteen tested which
were superior to DDT. Several of these, however, were not
effective at lower dilutions.

Six of the chemicals tested were outstanding as lousicides.
For comparison of these with DDT the average percent mortality
of lice are extracted from Table 7.

Concentration in parts per million

Chemieal

500 250 125 50 25 12.5
Heptachlor 100 100 100 100 97 38
Dieldrin 100 100 100 100 93 32
Lindane 100 100 100 100 91 23
Parathion 100 100 100 97 83 11
Aldrin 100 100 100 a5 87 41
Chlordane 100 100 100 70 11 0.7
DDT 12 3 Q 0 1 1

Several chemicals demonstrated fumigant qualities. Those
that showed fumigant qualities at a concentration of 10,000 .
parts per million were further diluted and tested again. Six
chemicals, ethyl tetradiethiopyrophosphate, aldrin, heptachlor,
chlordane, lindane, and dieldrin, at a concentration of 100 p.p.m.,
gave kills which varied from 100 percent to 17 percent in the
order named. At 50 p.p.m., the kill varied from 93 to 0 percent
kill. At 25 p.p.ni., none of the chemicals showed fumigant action.
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